There is scant information on the prevalence and factors associated with preoperative anemia in patients undergoing transcatheter aortic valve implantation (TAVI) and whether it is associated with mortality. We sought to determine the prevalence and factors associated with preoperative anemia in addition to the prognostic effects of the various levels of preoperative hemoglobin level on mortality in patients undergoing TAVI. Background-There is scant information on the prevalence and factors associated with preoperative anemia in patients undergoing transcatheter aortic valve implantation (TAVI) and whether it is associated with mortality. We sought to determine the prevalence and factors associated with preoperative anemia in addition to the prognostic effects of the various levels of preoperative hemoglobin level on mortality in patients undergoing TAVI. Methods and Results-Ten-center observational study encompassing 1696 patients with aortic stenosis who underwent TAVI was conducted. Anemia was defined by the World Health Organization criteria (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men). but showed the strongest association with 1-year mortality with a hazard ratio (95% confidence interval) of 2.78 (1.60-4.82) in patients with hemoglobin <10 g/dL. Patients with anemia received ≥1 blood transfusion 2× more often, but the indication of transfusion was unrelated to overt bleeding in 60%. Blood transfusion was associated with mortality at 30 days (odds ratio, 1.25 [95% confidence interval, 1.08-3.67]) and during follow-up (hazard ratio, 1.09 [95% confidence interval, 1.03-1.14]). Conclusions-Preoperative anemia is prevalent in >50% of patients undergoing TAVI. Various baseline factors were related to anemia, which in turn was associated with 1-year mortality. Patients with anemia received more transfusions but mostly for indications unrelated to overt bleeding, whereas transfusion was independently associated with both early and 1-year mortality. These findings indicate that optimization of baseline factors related to preoperative anemia, in addition to more strict criteria of the use of blood products, may improve outcome after TAVI. (Circ Cardiovasc Interv. 2013;6:625-634.)
T ranscatheter aortic valve implantation (TAVI) is increasingly used to treat patients with aortic stenosis who are considered at high risk for surgical aortic valve replacement.
1,2 These patients, therefore, often have preexisting comorbid conditions that may affect outcome, offsetting treatment effects.
Anemia is a common finding in (elderly) patients and has been shown to be an independent risk factor for early and late mortality in the general and elderly population, 3, 4 in patients with coronary artery disease including acute coronary syndrome 5 and heart failure, 6, 7 and in patients undergoing percutaneous and surgical cardiac interventions. [8] [9] [10] [11] [12] [13] In a recent study including 118 patients who underwent TAVI, preoperative anemia was seen in half of the patients and was associated with increased 1-year mortality.
14 Yet, the relationship between the degree of preoperative anemia and the effect of confounders because of differences in baseline risk between patients with and without anemia on outcome need further elucidation. In addition, no data are available describing the causes of anemia in this population. Such information may be helpful because the measures aimed at correcting or treating anemia, and its cause may conceptually improve operative outcome. 15 We, therefore, sought to determine the prevalence and associated factors of preoperative anemia in addition to the effects of the various levels of preoperative hemoglobin (Hb) concentration on short-and long-term mortality in a series of 1696 patients undergoing TAVI.
Methods

Study Population
The study population stems from a cohort of 1706 patients who underwent TAVI with the Medtronic CoreValve System (Medtronic Inc, Minneapolis, MN), the Edwards SAPIEN or SAPIEN XT Valve (Edwards Lifesciences, Irvine, CA), or the Direct Flow Valve (Direct Flow Medical, Inc, Santa Rosa, CA) from November 2005 to March 2013 in the following institutions: (1) Rotterdam Thoraxcenter, the Netherlands (n=322); (2) Quebec Heart and Lung Institute, Canada (n=287); (3) University Hospital Bonn, Germany (n=255); (4) Bergmannsheil, Ruhr-University Bochum, Germany (n=202); (5) University Hospital Maastricht, the Netherlands (n=145); (6) University Hospital Saint-Luc, Belgium (n=122); (7) University Hospital Antwerp, Belgium (n=120); (8) Angiografia de Occidente, Colombia (n=93); (9) Royal Perth Hospital, Australia (n=90); and (10) Hospital Clínico Universitario de Valladolid, Spain (n=70). Patients with missing baseline Hb values (n=10) were excluded, resulting in a final study population consisting of 1696 patients.
In accordance with the institutions' policies, every patient gave written informed consent for TAVI and the use of anonymous clinical, procedural, and follow-up data for research in accordance with institutional review board approval.
Procedure
Planning and execution of TAVI have been described previously. 16 All procedures were performed under local or general anesthesia using the Medtronic CoreValve System (valve sizes 23, 26, 29, and 31 mm), the Edwards SAPIEN or SAPIEN XT Valve (valve sizes 23, 26, and 29 mm), or the Direct Flow Valve (valve sizes 24 and 25 mm). After TAVI, antiplatelet therapy consisted of clopidogrel 75 mg for 6 months and aspirin 80 to 100 mg indefinitely. Patients on oral anticoagulant therapy before TAVI received periprocedural therapeutic anticoagulation with unfractionated heparin or low-molecular-weight heparin in combination with either clopidogrel or aspirin. Oral anticoagulation was resumed shortly after TAVI.
Definitions and Data Collection
In each hospital, blood samples for hematology and chemistry were taken before and at fixed intervals ≤72 hours after TAVI and included the nadir Hb concentration, maximum serum creatinine, and maximum leukocyte count. Preoperative anemia was defined according to the American College of Physicians and World Health Organization criteria as a preoperative Hb level <12.0 g/dL in women and <13.0 g/dL in men. 17 Patients were also divided into categories of 1.0-g/dL Hb increments from <10.0 to ≥15 g/dL to assess the dose-dependent effects of decreased versus normal preoperative Hb level on mortality.
Preoperative serum creatinine values were used to calculate the baseline serum creatinine clearance using the Cockcroft and Gault equation. 18 In After TAVI, the nadir Hb concentration was determined ≤24 and ≤72 hours after TAVI and was used to define the Hb decline relative to the patient's preoperative Hb value. The number of units of blood transfusions was determined at 4 time intervals: before and at ≤24 hours, >24 to ≤72 hours, and >72 hours after TAVI. Details of the indications of blood transfusions, in addition to the time of onset of the indications, were documented and used to determine whether there was an overt bleeding source that was defined by a clinically visible bleeding source or imaging-documented bleeding (ie, angiography, computed tomography, echo of blood vessels, or other organs). All end points were defined according to the Valve Academic Research Consortium recommendations. 
Follow-up
Follow-up data on patient mortality were collected from the civil registries or the referring physician or general practitioner and was complete for all the patients at 30 days after TAVI and for 99.3% at follow-up (median, 356 [interquartile range, 90-680] days). Of all 449 patients who died during follow-up, the cause of death was confirmed in 88.4%, unknown in 7.3%, and missing/not assessed in 4.2%. The cause of death grouped according to the presence of preoperative anemia is listed in the online-only Data Supplement and
WhAT IS KNOWN
• Preoperative anemia is a common finding in elderly patients, in patients with heart disease, and in patients undergoing percutaneous and surgical cardiac interventions.
WhAT ThE STUDY ADDS
• Preoperative anemia is prevalent in more than half of patients undergoing transcatheter aortic valve implantation.
• Various baseline factors are associated with anemia, which in turn is strongly associated with 1-year mortality but not with early mortality.
• Patients with anemia receive more transfusions mostly for indications unrelated to overt bleeding, whereas transfusion is independently associated with both early and 1-year mortality.
classified as cardiovascular or noncardiovascular in accordance with the Valve Academic Research Consortium criteria. 20 
Statistical Analysis
Details of data completeness and management are summarized in the online-only Data Supplement. Categorical variables are summarized as frequencies and percentages and were compared using the χ 2 test or Fisher exact test. The Shapiro-Wilk test was used to test for a normal distribution of continuous variables, and comparison of continuous variables was performed using the Student t tests or Wilcoxon rank-sum test when appropriate. The factors associated with preoperative anemia were assessed using forward stepwise logistic regression analyses, including all variables from Diabetes mellitus, n (%) 477 (28) 187 (26) 290 (30) 0.057
Hypertension, n (%) 1300 (77) 553 (76) 747 (77) 0.62
Peripheral vascular disease, n (%) 473 (28) 168 (23) 305 (32) <0.001
Chronic obstructive pulmonary disease, n (%) 473 (28) 196 (27) 277 (29) 0.46
Atrial fibrillation, n (%) 476 (28) 186 (26) 290 (30) 0.049
Permanent pacemaker, n (%) 216 (13) 82 (11) 134 (14) 0.12
History of malignancy, n (%) All 197 (12) 72 (10) 125 (13) Tables 1 and 2 with P<0.10 in the univariable analyses. 21 An exception was made for aortic regurgitation after TAVI, which was forced into the multivariable model independent of the P value (which proved to be 0.12), given its established predictive effect on 1-year mortality. [22] [23] [24] [25] [26] [27] The relationship between low preoperative Hb level and outcome was assessed by forcing this variable into the model of 30-day and 1-year mortality both as a continuous and a dichotomous variable (anemia). This was also done for Hb coded as a multicategory predictor in 1-g/dL increments, with the Hb category exhibiting the lowest event rate used as the reference group. 5 Interaction terms were tested to evaluate the potential additive and synergistic harmful effects of baseline anemia and Hb decline at ≤24 and ≤72 hours after TAVI. Variables included in the multivariable model of determinants of preoperative anemia, 30-day mortality, and 1-year mortality are listed in the online-only Data Supplement. Results are reported as adjusted odds ratio (OR) or hazard ratio (HR) with a 95% confidence interval (CI). Kaplan-Meier methods were used to illustrate the timing of events during follow-up; statistical assessment was performed 
Results
The overall prevalence of preoperative anemia was 57% and varied between 42% and 67% in the participating hospitals. The mean preoperative Hb concentration was 12.1±1.7 g/dL (range, 7.2-17.5 g/dL). The distribution of preoperative Hb concentration is presented in Figure 1 .
Factors Associated With Anemia
Baseline patient characteristics and operative details of the 1696 patients are summarized in Tables 1 and 2 in Figure 2 , the severity of kidney dysfunction was inversely proportional to the Hb concentration in the overall cohort, except in patients who were on chronic treatment for anemia.
Preoperative Anemia and Transfusions
A total of 694 patients (41%) underwent ≥1 blood transfusion during or after TAVI. Figure 3A shows that patients with anemia consistently had ≥1 U of blood transfusions 2× more frequently before and at each time interval after TAVI compared with patients without anemia (P<0.001). As shown in Figure 3B , the indication of blood transfusion was more often not related to an overt bleeding source in patients with anemia (60% versus 46%; P<0.001). Details of the indications of transfusion therapy are listed in Table 4 ; the most frequent indication was operative blood loss in patients with anemia and access site complication in nonanemic patients.
Thirty-Day Mortality
Thirty-day all-cause mortality was 5% in patients without and 10% in patients with anemia (P<0.001). Associations with 30-day all-cause mortality are shown in 
One-Year Mortality
At 1 year, all-cause mortality was 21% in patients without and 31% in patients with anemia (P<0.001); patients with anemia more frequently died because of pneumonia (P=0.024). Associations with all-cause mortality during follow-up by multivariable analysis are shown in Table 6 . With respect to the dichotomous variables, a significant and inverse relationship was found between the severity of preoperative Hb level and mortality during follow-up. In particular, patients with a preoperative Hb level <10 g/dL had a 2.8-fold higher risk of dying during the follow-up period, whereas patients with a preoperative Hb level between 10 to 11 and 11 to 12 g/dL had a 2. , were also associated with 1-year mortality. Similar to 30-day mortality, the administration of blood transfusion was related to mortality during follow-up; every unit of transfusion was associated with a 9% increase in risk of late death. This also accounted for leukocyte count after TAVI and logistic EuroSCORE (ie, 5% increase in risk of late death for every 1% increase in logistic EuroSCORE), whereas left ventricular ejection fraction, body mass index, and peak gradient proved to have an inverse relationship with 1-year mortality. Kaplan-Meier estimates of survival of patients without and with preoperative anemia are shown in Figure 4 .
Discussion
In this multicenter study encompassing 1696 patients who underwent TAVI, we found that preoperative anemia was present in 57% of patients with an equal distribution of its prevalence in the participating institutions (range, 42%-67%). Factors related to the presence of anemia included history of heart failure, male sex, preoperative mitral regurgitation, history of malignancy, peripheral vascular disease, and kidney dysfunction. Despite differences in baseline characteristics between patients with and without preoperative anemia, multivariable analyses showed that preoperative anemia was associated with 1-year mortality (10% and 31%, respectively). *Hemolysis (n=2), intubation complicated with pharynx bleeding (n=2), bleeding after thrombolysis (n=2), pocket hematoma after pacemaker implantation (n=2), dialysis-related blood loss (n=1), preoperative gastrointestinal bleeding (n=1), surgical intervention peripheral vessels (n=1), intracranial bleeding (n=1), sepsis (n=1), annular rupture (n=1), and liver laceration after chest compression (n=1).
Furthermore, a significant inverse relationship was found between the severity of preoperative anemia (ie, serum Hb level) and mortality during follow-up. This was, in particular, the case for patients with an Hb <10.0 g/dL. We also found that patients with preoperative anemia received more units of blood transfusions before and at 24 and 72 hours after TAVI mostly in the absence of overt bleeding, whereas administration of blood transfusion was associated with 1-year mortality in a dose-dependent manner.
Prevalence and Factors Associated With Anemia
The prevalence of anemia of 57% reported herein is higher than that demonstrated in patients with acute coronary syndrome or congestive heart failure and in patients undergoing percutaneous coronary intervention or cardiac surgery (≤41.9%). 5, [7] [8] [9] 13 This is most likely explained by differences in patient characteristics. Patients who are referred for TAVI are older and, therefore, more often have associated cardiac and noncardiac chronic disease or comorbid conditions, which both may explain a higher prevalence of anemia in these patients. 4, 28, 29 In accordance with 4 previous studies that reported the cause or determinants of anemia in patients with heart disease, we found kidney impairment and peripheral vascular disease to be related to preoperative anemia. 7, 12, 15, 30 These and almost all other factors associated with anemia in the present analysis are common in patients with anemia and frequently seen in patients who currently undergo TAVI. For instance, we found a prevalence of chronic kidney disease in 60% of the patients, heart failure in 57%, peripheral vascular disease in 28%, and malignancy in 12%. A prevalence of 57% of anemia is, therefore, not surprising. The information of the presence of anemia and its associated conditions may help to improve patient selection and planning of TAVI. It is conceivable that the optimization of some of the baseline conditions that are associated with anemia may positively affect outcome (eg, optimization of heart failure, prehydration).
Prognostic Effects of Preoperative Anemia and Blood Transfusions
The main objective of the present study was to assess whether preoperative anemia was independently associated with (shortand long-term) mortality rather than being a marker of disease. For that purpose, multivariable analyses were performed. With respect to 30-day mortality, preoperative anemia was not independently associated with 30-day mortality (P=0.073). Several postoperative complications (in particular, valve dysfunction [ie, aortic regurgitation] and renal failure) and a few baseline variables (such as male sex and preoperative atrial fibrillation) showed a stronger relationship with mortality. We could not study the association between the severity of preoperative anemia (ie, Hb levels) and 30-day mortality because of a low absolute number of deaths in some of the Hb categories. Yet, what we perceive as an even more important clinical observation is that patients with preoperative anemia receive more units of blood transfusion during the perioperative period and that every unit of transfusion is associated with a 25% increase in risk of 30-day mortality, which was also found in the assessment of long-term mortality albeit that the association was less pronounced (increase in risk of 9% per transfusion). In this study, the possibility of heterogeneity in timing of the collection of data in each institution precluded an accurate estimation of the total blood loss calculated by the Landefeld equation (which assumes that the net Hb decline corresponds to the addition of the number of blood transfusion to the baseline minus measured postoperative nadir Hb). 31 Yet, in accordance with our previous findings, 32 the current results show that patients with anemia had a smaller postoperative Hb drop but received significantly more frequent and also more units of blood transfusions compared with patients without anemia ( Figure 3) . Also, the indication of blood transfusion was not related to an overt source of bleeding in ≈60% of patients with anemia. Therefore, in the context of the significant and inverse relationship between blood transfusion and mortality, the biggest gain is to be expected from a more restrictive use of blood transfusions in addition to the need of uniform criteria for the use of blood products. The optimization of baseline factors related to preoperative anemia, in addition to measures aimed at correcting or treating anemia and its cause, may conceptually also reduce the use of perioperative blood transfusions.
In essence, the same observations were made when studying the associations with mortality during follow-up. The difference, however, was the significant inverse relationship between the severity of preoperative anemia (ie, Hb level) and late death, in particular when the Hb level was <10 g/dL. Preoperative anemia defined by the World Health Organization criteria had a weak association, whereas-in descending order of hazard-acute kidney injury, postoperative aortic regurgitation, and a few baseline patient-related variables such as preoperative atrial fibrillation, male sex, and peripheral vascular disease were more strongly associated with late death.
Limitations
Preoperative anemia was associated with short-and long-term mortality by multivariable analysis. Yet, it should be acknowledged that a multivariable analysis does not disclose the nature (eg, causal) of the observed relationship. Also, despite the fact that the factors associated with anemia were searched by reviewing all medical charts, it is unknown how many factors in how many patients remained undetected. Based on the results of the present study, it is plausible that a more restrictive use of blood transfusion may be beneficial. Yet, the study does not allow to make proposals of a more restrictive transfusion protocol.
